The calculation of whole-farm nutrient balance is an effective and simple method for estimating the potential nutrient loading from dairy farming into the environment. In Finland, however, the published results based on larger number of farms are still lacking. In this study whole-farm nitrogen (N) and phosphorus (P) balances on Finnish dairy farms were studied based on short-cut data for the year 2002. The survey was targeted to 1260 dairy farms, located all over Finland. Of the 386 replies received, 319 were used for subsequent statistical analyses. The association between selected farm variables and nutrient balance was studied using regression analysis and a sensitivity coefficient was calculated for each regression slope. The average (± standard deviation) whole-farm nutrient balance for N and P was 109 (±41.3) and 12 (±7.2) kg ha -1 , respectively. The most responsive factors affecting the nutrient balances were total nutrient and fertilizer import per ha, followed by animal density, milk export per ha and concentrate import per ha. The results suggested that nutrient surpluses could be controlled more easily in combined crop and milk than in specialised milk production. It is concluded that nutrient surplus on Finnish dairy farms is markedly lower than that on areas with intensive production in central European countries. However, when nutrient balances were extrapolated to comparable production intensity as in central Europe, the level of the surpluses was equal.
Introduction
In Finland, as elsewhere within the European Union (EU), there is increasing public concern about the environmental impact of animal agriculture, especially in areas with intensive dairy farming. Studies examining the environmental impacts of milk products throughout their whole life cycle have shown that a major part of the effects arises from raw milk production on dairy farms (Høgaas Eide 2002 , Voutilainen et al. 2003 . Moreover, Vol. 14 (2005): 166-180. these studies clearly indicate that the most important environmental impacts caused by dairy farming are eutrophication and groundwater pollution, following non-point phosphorus (P) and nitrogen (N) leaching and runoff from farming systems. Estimates based on data of Voutilainen et al. (2003) suggest that up to 8-10% of the total eutrophication potential (N and P) in Finland may result from milk production, which is much higher than its contribution to global warming (4%, CO 2 and CH 4 losses) or acidification potential (3%, NO x and SO 2 losses).
A G R I C U L T U R A L A N D F O O D S C I E N C E
Most of the Finnish dairy farms have been involved in the Agri-Environmental Programme (AEP) of the European Union since 1995, in which voluntary environmental measures (restricted fertilizer use, buffer zones, constructed wetlands, etc.) are subsidised. However, follow-up studies suggest that positive effects on the quality of natural waters are lacking until now (Räike et al. 2003 (Räike et al. , 2004 . This may be due to long-term accumulation of P and N in soil and sediments of lakes and rivers, inefficiency of the measures adopted within AEP or increased nutrient import to arable land caused by the gradual shift towards more intensive animal agriculture.
Experiences from Europe (e.g. Van Bruchem et al. 1999 , Van Keulen et al. 2000 , Oenema et al. 2003 and the United States (e.g. Van Horn et al. 1996 , Spears et al. 2003a demonstrate that a systematic analysis of whole-farm balances of nutrients (WFB; the difference between nutrient flows into and out of a dairy farm) as a first step is essential in improving the efficiency of nutrient use in milk production. The whole-farm balance method is simple and provides a practical way in diagnosing non-point leaching potential connected to animal agriculture. However, while WFB along with soil surface balances are often considered as a direct measure of nutrient leaching potential, the absolute magnitude of nutrient leakage varies due to variability in precipitation, soil type and cultivation practises (Schröder et al. 2003, Ekholm et al. 2005, Salo and Turtola, unpublished results) .
Published research on WFB for N and P (N-WFB and P-WFB) on dairy farms in Finland is still limited and the datasets are based on results from a few farms or from a specific area (e.g. Väisänen 1996 , Poikela 2000 . Increasing amount of data is available from elsewhere in Europe (e.g. Van Keulen et al. 2000 , Swensson 2003 ) and the United States (Spears et al. 2003a, b) . The number of dairy farms in Finland is decreasing with simultaneous increase in production intensity, whether expressed as milk yield per cow, farm or land area. Concurrently, the dairy sector is faced with stricter environmental legislation and public demands to conserve the agricultural landscape and clean natural waters. Therefore, finding effective and simple methods to control the potential leakage of nutrients from dairy farming systems is essential in improving the performance of the milk production chain.
The objective of this study was to calculate WFB for N and P on dairy farms in Finland and to study the relations between WFB and selected farm variables (nutrient import/export, production intensity and farm type).
Material and methods

Farm survey
The data for this study were collected in June and July 2003 through a questionnaire addressed to 1260 farms (6.5% of all dairy farms in Finland on 1.5.2002) located across Finland. The questionnaire was formulated as short and simple as possible to encourage the farmers to respond. In the introductory letter the WFB method and single queries in the questionnaire were described carefully. Queries on quantities and types of purchased fertilisers, manure, feeds, bedding, seeds and animals were included in the questionnaire. In addition, quantities of crops and numbers and types of animals sold and amounts of manure exported from the farm were monitored. Monthly quantities of milk delivered to dairies and milk crude protein concentration (CP) were collected from the respective dairy records. Finally, information on some farm characteristics was requested, i.e. main pro- 
Calculation of nutrient balances
A total of 386 replies (equivalent to 31% of the questionnaires distributed) were obtained, of which 8 were excluded because of inadequate information. Additionally, organic farms (n = 16) and farms that had used apatite for fertilization (n = 24) were excluded from the data. Quantities of nutrients in imported and exported materials were converted to kilograms of N and P according to data received from the feed industry, feed tables (concentrates, Tuori et al. 2002) and feed analyses (Valio Ltd., forages, grain), Kemira Grow-How Ltd. (fertilizers) or manure analyses (Viljavuuspalvelu Ltd.) . Total N content in purchased seeds and feeds was calculated as N (kg) = crude protein CP (kg) × 0.16 (Tuori et al. 2002) . P was invariably reported as total P. Total N and P in exported/imported cattle were calculated from empty body weight of animals between 3-24 months of age (ARC 1980) . The concentration of CP and P in gut contents was estimated at 150-200 and 8 g [kg dry matter (DM)] -1 , respectively, and DM content at 100 g kg -1 (ARC 1980) . Total N and P in milk were calculated as: N (kg) = CP (kg) × 0.157 (Tuori et al. 2002) and P (g kg ) (ARC 1980) . Atmospheric deposition (N, P), biological fixation (N) and volatile losses (N) were not considered. Finally, the imports and exports of N and P were summed in a nutrient balance sheet constructed for this study.
Statistical methods
The distribution of variables in the data was analysed and unusual observations were removed from the data [n = 19, observations that deviated from the mean more than 2.5 × standard deviation (SD)], because the validity of these field observations could not be verified. A total of 319 records were used for subsequent statistical analyses. The final data included 81, 117, 80 and 41 dairy farms from southern, western, eastern and northern part of Finland, respectively. The relationships between WFB for N and P and selected farm variables were studied by regression analysis using a model:
Where, Y is the response variable, A 0 is the overall intercept, B 1…n are the overall regression coefficients for continuous variables X 1…n and e is unexplained error. The models were evaluated with coefficient of variation that was adjusted for the degrees of freedom (Adj. R 2 ) and the standard error of estimate (SEE). All statistical computations were conducted with STATISTICA 6.0 software (StatSoft Inc., Tulsa, USA).
The relative responsiveness of the farm variables was further evaluated by calculating a sensitivity coefficient, i.e. ratio of unit change in response variable Y to unit change in regression variable X. The data (n = 319) were also classified according to nutrient export (EX) and import (IM) ratio and milk production intensity (I, kg milk ha -1 ). EX was calculated as a proportion of nutrient export in crops of the total export. Farms with EX < 0.25 and ≥ 0.25 were classified as "mainly livestock" (M: n = 253 and 247) and "combined livestock & crop" (C: n = 66 and 72) for N and P, respectively. IM was calculated as the ratio of imported feed nutrients to estimated amount of feed nutrients used by livestock. Feed nutrient use was calculated from herd DM intake (DMI) using average dietary N and P concentrations of 25.6 (Huhtanen et al., unpublished results) and 4.74 (Yrjänen et al. 2003) ). For non-lactating cattle, DMI was assumed to be 8.6 kg DM d -1 per animal unit. Production intensity of farms with I less than or equal to 4000 kg ha -1 was classified as "low" (L: n = 154); above that as "high" (H: n = 165).
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Results
Description of the dataset
All farm variables showed wide variation and were normally distributed ( . On average, a fraction of 0.70 and 0.26 of total N import consisted of fertilizers and feeds (mainly concentrates), respectively and the fractions of milk and crops in total N export were 0.64 and 0.16, respectively. Total mean P import, export and balance were 18.5 (±7.9), 6.8 (±3.8) and 11.7 (±7.2); imports comprised fractions of 0.49 and 0.49 for fertilizers and feeds, respectively, and export 0.65 and 0.12 for milk and crops, respectively. Nutrient import in feeds was significantly higher than export in milk for both N (41.0 vs. 23.1 kg ha -1 , P < 0.001) and P (9.2 vs. 3.9 kg ha -1 , P < 0.001).
Relationships between selected farm variables and whole-farm nutrient balances Table 4 shows the univariate regression relationships between selected farm variables and N-WFB. ) to unit change in respective regression factor Table 5 . Univariate regression associations between whole-farm phosphorus (P) balance (kg ha . Animal density was notably better correlated with N-WFB than milk yield, explaining 22.5% of the variation. The regression slope implied that N-WFB increased by 62.1 kg ha -1 per unit increase in animal density. Total imported P (kg ha -1 ) explained proportionally 0.763 of the variation in P-WFB (Table 5 ). The whole-farm utilization efficiency was similar to that of N, as indicated by the regression slope 0.80 (±0.025). Each kg of imported P in fertilizers or concentrates increased P-WFB by 1.01 and 0.76 kg ha -1 , respectively. Exported P in crops (kg ha -1 ) decreased P-WFB by 0.99 kg ha -1 and one kg exported P in milk increased P-WFB by 1.84 kg ha ) or animal density all increased P-WFB, the effect of animal density being clearly the strongest.
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A rather close relationship existed between WFB for N and P (R 2 = 0.342, Fig. 1 ). This relationship tended to be curvilinear, i.e. at an N-WFB of 100 kg ha -1 a 10 kg marginal increase in N-WFB increased P-WFB by about 1 kg ha Effect of production intensity and farm type on nutrient surplus
Farm type and production intensity significantly affected nutrient balances (Fig. 2 ). On L vs. H farms the surplus for N was 91 vs. 117 (P < 0.001) and for P 9.4 vs. 12.3 (P < 0.001) kg ha -1
. Specialised M farms had higher nutrient surpluses than C farms exporting both crops and milk (N: 109 vs. 85; P: 12 vs. 7 kg ha -1 , P < 0.001). The schematic presentations in Figures 3 and 4 summarise the surpluses of N and P in response to the nutrient IM ratio, using regression equations estimated from the present data. Both N and P surpluses increased significantly (P < 0.001) with increasing IM ratio on M farms (Fig. 3a) . On C farms (Fig. 3b) , the effect of IM ratio on nutrient surpluses was less pronounced and non-significant (P > 0.1). The estimated surpluses with no feed import were about 70 and 5 kg ha -1 for N and P, respectively.
The surplus of nutrients in response to IM ratio increased more on H farms (I ≥ 4000 kg ha -1 ) than on L farms (I < 4000 kg ha -1 , Figs 4a and b) . However, on farms with high I, a lower nutrient surplus was estimated, provided that no feed nutrients were imported. Consequently, P surplus was estimated to be close to zero (P > 0.1 for intercept) on H farms with no feed P import. Fig. 2 . The effect of nutrient export ratio (EX < 0.25 = mainly livestock "M"; EX ≥ 0.25 = combined milk & crop "C") and milk production intensity (export < 4000 kg ha -1 = low "L"; export ≥ 4000 kg ha -1 = high "H") on average nitrogen (N; n = 103, 150, 51 and 15 for ML, MH, CL and CH, respectively) and phosphorus (P; n = 101, 146, 53 and 19 for ML, MH, CL and CH, respectively) exports, imports and whole-farm balances. a b
Discussion
Validity of the dataset
It is generally accepted that whole-farm nutrient balances are satisfactory descriptors of potential nutrient load from milk production to the environment (Van Keulen et al. 2000 , Schröder et al. 2003 . In addition, the uncertainties for WFB are obviously less than for soil and soil system nutrient balances (Oenema et al. 2003) . WFB for N and P on Finnish dairy farms for the year 2002, reported here are evidently not very accurate if the results are interpreted for one single farm, due to differences in e.g. crop management, environmental conditions and crop yields between seasons, as well as changes in nutrient stores and herd size. Moreover, no information was available on subsystems within farms. However, this dataset is adequate to study average nutrient balances on dairy farms in Finland, since it included a large number of farm-scale observations (n = 319, equivalent to 1.6% of the Finnish dairy farms in 2002), covering the whole of Finland. The farms included in this dataset were somewhat larger than the average in 2002 (see Table 1 ), judging from total cropping area and herd size. Moreover, in the sample there was a slight bias towards larger farms, i.e. the median values were slightly lower than the mean values for herd size and total cropping area. However, the median and mean values for the most important variables in relation to nutrient balances, i.e. animal density and milk yield (kg per cow or kg ha -1 ) were close (Table 1) . 
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11000 187,871 206,14 12000 199,7858 225,16 13000 211,7006 245,26
Whole-farm N-balance
Average N-WFB in this study was 108.6 kg ha -1 , resulting from the difference between total mean import of 144 and export of 36 kg ha -1
. Actual soil N surplus may be somewhat higher, since biological fixation and atmospheric deposition were not considered herein. According to Räike et al. (2004) the average N deposition in Finland may vary between 4-6 kg ha -1 . In this study N surplus was higher than reported by Väisänen (1996, 67 kg ha -1 ) for a limited dataset (n = 4), but a larger dataset (Poikela 2000 , n = 456) of conventional dairy farms in North-Eastern Finland between 1995 showed similar N-WFB (110 kg ha -1 ). The Finnish results for dairy farms are markedly lower than those calculated for Sweden (Swensson 2002, 161-187 kg ha -1 ) and the Netherlands (Fraters et al. 2003, > 200 kg ha -1 ). This is most probably due to the higher production intensities in these countries, associated with higher animal densities and the necessary higher feed N imports. This is supported by the present results, showing that N surplus significantly (P < 0.001) increased with increasing animal density and milk yield per cropped farm area (Table 4 ). In the Netherlands, for example, milk output per cropped farm area may be 10000-12000 kg ha -1 on typical dairy operations, resulting in at least 200 kg ha -1 N surplus even though special measures to improve whole-farm nutrient utilization are adopted (Van Keulen et al. 2000) . When extrapolating the present data to Vol. 14 (2005): 166-180 . (2003), while Bos and van de Ven (1999) found only a small difference in nutrient utilisation between specialised vs. mixed farming systems.
Of the selected farm variables studied (Table  4) , total N imports explained best the variation in N-WFB (R 2 = 0.813), followed by fertilizer and concentrate N imports (R 2 = 0.628 and 0.326, respectively). This implies that improving fertilizer N utilization by increasing crop yields and/or avoiding excess use and/or better timing of application, in combination with lower feed N imports is the most efficient means for decreasing N surplus. This is consistent with the sensitivity coefficients (i.e. ratio of unit change in surplus to unit change in the measure adopted) reported by Van Bruchem et al. (1999) . They reported that the most effective intervention in decreasing N surplus is reducing fertilizer N import (0.65), followed by more efficient soil N utilization (0.25) and reducing feed N import (0.24). The respective sensitivity coefficients for fertilizer and feed N import in the present study were 1.02 and 0.33 (Table 4 ). In addition to N import variables, both variables describing production intensity (animal density and milk export in kg ha -1 ) explained the variation in N-WFB relatively well (R 2 = 0.225 and 0.247, respectively) and were also rather sensitive factors (coefficients 0.50 and 0.48, respectively). When fertilizer N import was used together with animal density or concentrate N import in a bi-variate regression model (results not shown), the sensitivity of the latter (both 0.22) decreased and that of fertilizer N import remained rather similar (0.89-0.92).
This further highlights the importance of fertilizer N utilization efficiency in avoiding high N surplus.
It has often been postulated that increasing milk yield per cow would improve nutrient utilization efficiency both at animal and farm level. However, the present results showed that N surplus tended to increase (4 kg ha -1 , P = 0.053) in response to 1000 kg higher milk yield per cow and year. However, this was due to the positive correlation between milk yield per cow and concentrate and/ or fertilizer import per ha. A meta-analysis based on a large dataset of published milk production studies on dairy cows showed that N utilization efficiency per cow is negatively correlated with dietary N concentration (Huhtanen et al., unpublished results). Consequently, improvements in N feeding efficiency can be achieved only if dietary N concentration is not increased. This was evidently not the case in this study, since concentrate N import per animal unit increased simultaneously with milk yield per cow. When milk yield (1 kg per cow yr -1 ), animal density and concentrate N import per animal unit were used in a tri-variate regression analysis, the effect of milk yield on N surplus was slightly negative but non-significant (-0.0003 kg ha -1 , P > 0.5) and rather insensitive (sensitivity coefficient < 0.05). This result is in good agreement with Van Bruchem et al. (1999) who reported that N surplus at farm scale was not very sensitive to improved herd N utilization efficiency. Martin and Seeland (1999) estimated by simulation study that increasing milk yield per cow by genetic improvement of dairy cattle would lead to higher N emissions per cow or kg milk. They concluded that theoretical improvements in dairy herd N utilization associated with improved genetic merit of cows may be hampered by the limited intake capacity leading to higher requirement of dietary N concentration.
The most important environmental risk following inefficient N use in dairy farming is that of nitrate-N leaching to groundwater, lakes and rivers. The key component in the risk for long-term nitrate leaching is a positive soil N balance, which is further mediated by type of soil, crop and farm management, as well as climatic factors (Salo and Virtanen, H. & Nousiainen, J. Whole-farm N and P 
balances on Finnish dairy farms
Turtola, unpublished results). According to Schrö-der et al. (2003) N-WFB provides a relatively responsive and moderately goal-oriented indicator for nitrate leaching, but to identify the exact scope for improvement at farm scale, a careful analysis of sub-balances within the farm is needed (i.e. N utilization efficiencies from soil-N to crop-N, from feed-N to milk-N and from manure-N to soil-N). These sub-systems need urgently to be studied also for Finnish dairy farms, and subsequently, models to control them may be constructed as demonstrated by Dou et al. (1996) . Kohn et al. (1997) studied the impacts of sub-processes within intensive dairy farms and found that improving herd or soil N-efficiencies by 50% would decrease N-WFB by 48 or 59%, respectively. However, these improvements in efficiency estimates may not represent the true sensitivity of different measures, since responses in whole-farm N efficiency were not related to realistic changes in sub-processes. In Finland, for example, a typical dairy herd N utilization efficiency is 0.25-0.30. Achieving a 50% improvement would be unrealistic even though no additional protein concentrates were fed (Huhtanen et al., unpublished results) .
While total N utilization of a fixed farming system is the integrated effect of the efficiencies in the various sub-systems within a farm, many strategic choices have an overwhelming effect. Schröder et al. (2003) pointed out that animal density, production intensity and specialisation of the production system are the most important strategic factors, which also significantly affected N surplus in this study (Table 4, Figs 2-4) . However, these factors explained less than half of the variation in N-WFP, which may indicate that a considerable variation exists in N conversion efficiencies within farm sub-systems for a given farm type and production intensity. Based on a model study, Kuipers and Mandersloot (1999) concluded that N leaching could be best controlled with a combination of several measures, including more efficient fertilizer N use, restricted grazing and better balanced diets for dairy cows. Nevertheless, the present data and other published studies (e.g. Van Bruchem et al. 1999 , Schröder et al. 2003 , Spears et al. 2003a , Swensson 2003 indicate that specialised modern dairy farms with very high production intensity combined with high feed IM ratio are often less efficient in N utilization at a whole-farm scale than mixed livestock and crop production at moderate production intensity.
Whole-farm P-balance ) in the present study was similar to data reported before for dairy farms in Finland (Väisänen 1996, 5-32 ). The estimated average soil P balance for arable land (Antikainen et al. 2005) corresponds to the value observed in this study (13 kg ha . Nevertheless, in contrast to N-WFB, P-WFP should be close to the actual soil P balance because volatile losses and biological fixation do not play a role. The background atmospheric P deposition due to rainfall in Finland is estimated to be quite small (1.4 kg ha -1 ; Järvinen and Vänni 1998). Total P import per ha explained most of the variation in P-WFB (R 2 = 0.763, Table 5 ), followed by P import in fertilizers (R 2 = 0.491) and concentrates (R 2 = 0.269). Moreover, P surplus was very sensitive to total P (coefficient 1.26) and fertilizer P imports (0.79) compared to concentrate P import (0.47). In contrast to the results of Van Keulen et al. (2000) and Spears et al. (2003) , in the Finnish data fertilizer P import was proportionally higher than that in concentrates (Table 3) . When both fertilizer and concentrate P imports were used in a bivariate regression model, the slope for fertilizer P remained unchanged (0.97) and that of concentrate P was slightly lower (0.69) compared to the slopes in the univariate regressions (Table 5 ). This further suggests that reducing fertilizer P use by improving manure P utilization in crop production would be the most successful strategy in improving P-WFB in Finnish conditions. In agreement Vol. 14 (2005): 166-180. with our data, Van Bruchem et al. (1999) estimated the highest sensitivity coefficient for fertilizer P import (0.55), but that of feed import (0.36) was almost the same. However, in contrast to the present data, their work involved also interpretation of P conversion efficiencies from soil to crop and from feed to milk, which also need to be studied in Finland.
Typical P surpluses for intensive dairy operations in the Netherlands (Van Bruchem et al. 1999 , van Keulen et al. 2000 are much higher (20-30 kg ha -1 ) than the results in this study (Table 3) . However, when the correlation between intensity and P surplus is extrapolated to an intensity level comparable to that in the Netherlands (11000-13000 kg ha ), although milk production intensity was higher (6 600-6 900 kg ha -1 ) than the average in the present study. On farms with low vs. high production intensity (mean milk export 2 950 vs. 5 660 kg ha -1 ) P surpluses were 9.9 vs. 13.4 kg ha -1 (Fig. 2) , resulting evidently from higher animal density (0.67 vs. 1.08), feed P import ratio (0.59 vs. 0.73) and concentrate P import (4.1 vs. 10.2 kg ha -1 ). Moreover, the present data suggest an interaction between farm type and production intensity. In contrast to specialised dairy farms, P surplus did not increase in response to higher intensity in the mixed crop/livestock systems (Figures 2b, 3b ), in spite of higher feed P IM ratio with higher intensity irrespective of farm type. In agreement with Swensson (2003) and Spears et al. (2003b) our data ( Fig. 2) indicate that P surpluses are easier to control in combined crop/livestock systems than in specialised milk production systems. This is evidently a consequence of better utilization of manure P in crop production. Kuipers and Mandersloot (1999) concluded that a zero P balance might be possible also in intensive milk production, provided that excess P in feed is avoided and manure is exported to P-deficient regions. The latter may be impractical under Finnish conditions, because the area with specialised crop production, close enough to regions with intensive milk production is limited. However, the present results suggest that a significant decrease in P surplus even without manure export could be achieved (0-5 kg ha -1 ), provided that the feed P IM ratio can be kept low, combined with moderate milk export per arable land (see Figs 3 and 4) .
The present data suggest a tendency towards higher P surpluses with higher milk yields per cow (0.6 kg ha -1 per 1000 kg per y, P = 0.103, Table 5 ). The slope of milk yield remained similar (P = 0.064) in a tri-variate regression model where the effects of animal density and feed P imports per animal unit were taken into account (results not shown). This may indicate that increases in milk yield per cow are associated with higher dietary P intake, which hampers the expected improvements in dairy herd and total farm P utilization. In agreement with this, Yrjänen et al. (2003) showed increased faecal P excretion in response to higher milk yield per cow due to positive association with concentrate proportion in the diet. Grass silage contains typically about 3 and normal concentrate mixture 5-7 g (kg DM) -1 of P. Recent studies (Wu et al. 2001) clearly suggest that dietary P concentration for dairy cows can be significantly reduced to about 3.5 g (kg DM) -1 in comparison to previous feeding standards and existing practise. According to Yrjänen et al. (2003) the present dietary P concentration for dairy cows in Finland is close to 5 g (kg DM) -1 , suggesting an obvious potential for reduction. Unfortunately, these efforts may be seriously confounded by increased milk yield per cow, which often is associated with a high proportion of concentrates and CP concentration in the ration leading to inevitably excess P concentrations in the diet, albeit no additional P from mineral feeds is used (Yrjänen et al. 2003) . Additionally, a trend towards more concentrate-rich diets most probably increases the proportion of soluble P in manure (Wu et al. 2000) .
Conclusions
Based on a one-year ad-hoc study on Finnish dairy farms (n = 319), average (±SD) whole-farm nutri-
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ent balances for N and P were 109 (±41.3) and 12 (±7.2) kg ha -1 . Production intensity (kg milk ha -1 ), farm type (specialised milk production vs. combined crop and milk production) and feed import ratio significantly affected the nutrient surpluses per ha. The most sensitive factors affecting wholefarm balances for N and P were total nutrient and fertilizer import per ha, followed by animal density, milk export per ha and concentrate import per ha. It is concluded that nutrient surpluses on dairy farms in Finland are substantially lower than those in areas with intensive production in western Europe. However, when surpluses are extrapolated to comparable production intensities, similar nutrient surpluses are expected. To find sensitive and effective means for improving nutrient utilization on dairy farms, the conversion efficiencies from feed to milk, from manure to soil and especially from soil to crop within farms need urgently to be studied further.
